Rationale: Despite multiple trials of interventions to improve end-of-life care of the critically ill, there is a persistent lack of understanding of factors associated with barriers to decision-making at the end of life. Objective: To apply the principles of complexity science in examining the extent to which transitions to end-of-life care can be predicted by physician, family, or patient characteristics; outcome expectations; and the evaluation of treatment effectiveness. Methods: A descriptive, longitudinal study was conducted in 3 adult intensive care units (ICUs). Two hundred sixty-four family surrogates of patients lacking decisional capacity and the physicians caring for the patients were interviewed every 5 days until ICU discharge or patient death. Measurements: Characteristics of patients, physicians, and family members; values and preferences of physicians and family; and evaluation of treatment effectiveness, expectations for patient outcomes, and relative priorities in treatment (comfort vs survival). The primary outcome, focus of care, was categorized as (1) maintaining a survival orientation (no treatment limitations), (2) transitioning to a stronger palliative focus (eg, some treatment limitations), or (3) transitioning to an explicit end-of-life, comfort-oriented care plan. Main Results: Physician expectations for survival and future cognitive status were the only variables consistently and significantly related to the focus of care. Neither physician or family evaluations of treatment effectiveness nor what was most important to physicians or family members was influential. Conclusion: Lack of influence of family and physician views, in comparison to the consistent effect of survival probabilities, suggests barriers to incorporation of individual values in treatment decisions.
Introduction
There is strong national and international consensus about the great need to identify approaches to improve the delivery of end-of-life care in the intensive care unit (ICU). [1] [2] [3] [4] [5] Despite decades of study, there continue to be concerns about prolonged use of ineffective therapies, resulting in suffering of both patients and families, as well as moral distress of clinicians. The situation of the chronically critically ill, with long stays in the ICU and uncertain prognoses, presents particular challenges in identifying the appropriate criteria and time for transitioning to a stronger focus on palliation and end-of-life measures. 6, 7 There have been several important tests of interventions designed to improve care and decision-making at the end of life. [8] [9] [10] [11] [12] [13] [14] However, most have focused on component parts of the critical care system such as attitudes of physicians, educational needs of the staff, access to palliative care experts or ethics consultation, or communication structures. Most studies that have aimed to help us understand influences on decision-making have been cross-sectional and retrospective reports or have used hypothetical vignettes to assess preferences and attitudes.
Our purpose of the study was to apply the principles of complexity science in examining how factors that influence decisions about transitions in care actually interact. 15 Much of the research in end-of-life decision-making has reflected assumptions that the critical care environment is a mechanistic system with cause and effect dynamics that are stable across time. Yet, critical care clinicians recognize that decisionmaking around goals of care and aggressiveness of treatment plans are sensitive to multiple inputs, including changes in patient condition, preferences of families that may change over time, and guidance and counseling from clinicians.
Complexity science offers a framework for understanding phenomena (eg, treatment decisions about goals of care) that demonstrate large variations, occurring within systems (eg, the ICU). Traditional theories assume organizations are composed of interacting parts that follow stable rules and exhibit predictable patterns of influence, discoverable through linear analysis. Once one has correctly identified the relevant variables, outcomes can be achieved through consistent application of guidelines and role expectations. 16 Complexity theory, in contrast, views organizations as dynamic, living social systems. Although the system is bounded by a common purpose (eg, caring for critically ill patients), the human agents (eg, doctors, nurses, patients, families, etc) are constantly interacting, exchanging information, and adjusting their behavior. 17 Adopting the mental map of complexity science requires us to examine the system as an integrated whole in constant flux.
The ICU, viewed from the lens of complexity theory, is a complex adaptive system, dynamic and nonlinear, in which interactive processes (establishing goals of care and reaching decisions about the use of aggressive interventions and levels of treatment limitation) occur. These processes are sensitive to both initial or antecedent conditions (ie, the characteristics of patients, families, and clinicians) and evolving behaviors. Thus, relationships and associations among variables change as new input is received and behavior adapts. Application of a complexity framework is expected to yield a deeper understanding of how families and clinicians reach decisions about the focus or goals of care.
Our primary end point was focus of care at the end of ICU treatment, categorized as no limitations, some limitations, or a full comfort care orientation. Our overall aim was to explore how antecedent characteristics of patients and families and processes reflecting values and assessments of treatment effectiveness exert varying influence over time. Consistent with complexity science, our hypothesis was that a combination of antecedent factors and process elements would be significant predictors of the focus of care and that these relationships would change over time.
Methods Design
This was a descriptive correlational study. Critical care intensivists and family surrogates of eligible patients were surveyed regarding values, expectations, and evaluation of treatment effectiveness on the third to fifth day of the ICU patient's stay and every 5 days until ICU discharge or death. At each time point, the focus of care was documented from the medical record. The study was approved by the institutional review board of University Hospitals Case Medical Center.
Participants
This study took place in 3 adult ICUs (medical, surgical, and neuroscience) in University Hospitals Case Medical Center, a 950-bed tertiary academic institution. All ICUs were staffed by intensivists, fellows, residents, and nurse practitioners. Surgeons retained primary responsibility for their patients but relied on the intensivists for managing day-to-day care. The intensivists with primary responsibilities for care of the patients were interviewed for the study.
Family surrogates were eligible for enrollment if they were the identified decision-maker for a patient who lacked capacity for decision-making and who was not expected to be discharged from the ICU within the next 48 hours. In addition, the surrogate had to be over 18 years of age, English-speaking, and available for interviews. Although we were primarily interested in decisions for patients who progressed to states of chronic critical illness, we sought to identify patients who were not following the more typical trajectory of 2-to 3-day stays early in their ICU course in order to examine changes over time from the start of their stay.
Measures
Consistent with complexity theory, 3 categories of variables were measured-antecedent (preexisting) characteristics of patients, family, and all physicians; process elements (expectations, evaluation of treatment); and outcomes (focus of care and what was most important in making decision; see Figure 1 for study model). Patient characteristics included demographic data, admission diagnosis, Acute Physiology and Chronic Health Evaluation III, Charlson comorbidity scores, and length of stay. All tools have been used in ICU populations with excellent psychometric properties. [18] [19] [20] [21] In addition to demographics, the personal values of all physicians and family members were measured in a variety of ways. At enrollment, we presented 2 brief hypothetical vignettes to the physician, asking him/her to rank order, if he or she were the decision-maker for a family member in the situation described, the relative importance of survival probability, future functional status, future cognitive ability, the patient's likely perception of the quality of life, and any previously expressed wishes. The vignettes were pilot tested with ICU physicians prior to the study to establish face validity. Clinical vignettes were not used with family members, but at enrollment, they were asked, ''what guides your treatment decisionmaking for your loved one,'' using the same 5 potential factors used in the physician vignettes.
Following enrollment, at each time point, physicians were asked, ''regarding medical decisions for your patient, what is most important to you right now?'' using a visual analog scale (VAS) anchored at ''comfort/quality of life'' at one end and ''survival, length of life'' at the other. Family values regarding what was most important in making decisions were similarly measured using the VAS.
Physician and family outcome expectations were measured by asking each participant to indicate expectations for 6 months in the future for survival (very unlikely, not likely, probable, or very likely), cognitive status (fully impaired, mild or moderate impairment, or intact), ventilator dependence (partial or fully dependent vs completely independent), and functional status (completely dependent in activities of daily living, partially dependent, or completely independent). 22 Treatment effectiveness was evaluated by both physicians and family by asking, ''Right now, how well do you think the treatment plan is working?'' Response options were not at all effective, somewhat effective, mostly effective, or very effective.
The primary outcome, focus of care, was categorized at each time point as 1 of the 3 levels-(1) maintaining a survival orientation (no treatment limitations, proceeding with longterm care interventions such as tracheostomy or hemodialysis), (2) transitioning to a stronger palliative care focus (instituting some explicit treatment limitations, such as a Do Not Attempt Resuscitation order or no increase in vasopressors, and/or initiating a formal palliative care consultation), or (3) transitioning to an explicit end-of-life, comfort-oriented plan (withdrawal of life-sustaining interventions, cessation of all diagnostic tests, and/or hospice referral).
Procedure
Research assistants made rounds every day in the 3 study ICUs and identified eligible patients. Data were collected every 5 days, until ICU discharge or patient death. Physician data were collected within 24 hours of the time of family data collection. Because there was ongoing variation in the physicians who were caring for the patient on the day of data collection, each physician was assigned a unique identification number in order to allow analysis of the influence of the rotation pattern on changes in focus of care over time.
Analysis
In this analysis, we focused on the outcome of primary interest, focus of care, and secondarily, identification of what was important to families and physicians. All analyses were performed using SPSS statistical software (version 22). Model building and testing were performed using structural equation modeling (SEM). The SEM program, AMOS (analysis of moment structures), was used to develop the models and to assess longitudinal data over time-specifically an autoregressive cross-lagged effect model. Autoregressive models refer to the process of regressing a measure at 1 time point on its previous time point value. Autoregressive models were tested and did not fit the data well. As the same measures were not linked together over time, alternative models were developed for time 1, time 2, and time 3 periods separately. The development and testing of different models at different time points are consistent with the theoretical framework of complexity
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• theory. For all analyses, a 2-sided P value < .05 was considered to be statistically significant. Structural equation models were assessed using goodnessof-fit indices-Tucker-Lewis Index >.90, comparative fit index >.90, and root mean square error of approximation <.08. Any variable in the model with a standardized b associated with P < .05 was considered to be statistically significant and left in the model. Figure 2 shows screening and sample enrollment. With attrition from transfer and death, 264 participants were included at T1, 152 participants at T2, and 75 participants at T3. Demographic and clinical characteristics for patients, family, and physicians are shown in Table 1 Because there was great variability in which intensivist responded to the questions at each time point, we examined the extent to which inconsistency influenced the model. In order to do this, we identified cases (n ¼ 43) in which there was consistency in the physician caring for the patient between time 1 and time 2 or between time 2 and time 3. No patients had the same ICU physician at all 3 time points. Models were built with these 43 cases and compared to models built with the full sample. There were no significant differences and the analyses reported here used all data.
Results

Physician Antecedents and Process Variables
The next steps focused on examining paths involving physician antecedent and process elements. Given the small numbers of patients still in the ICU at time point 4 (*20 days) and beyond, we confined analyses to the first 3 time points (ICU days: 3-16). There were both a number of inconsistencies and some stable paths. In terms of antecedent characteristics and values, no physician characteristic (eg race, years in practice, etc) was influential on expectations, evaluation of treatment, or focus of care at all 3 time points. Physician race and years in practice were related to process elements but not in a consistent fashion over time.
In terms of the primary end point, the physician's expectations for survival and cognitive status were the only consistent predictors of the focus at all time points. Survival was the stron- Examining the process variables, the patient's comorbidity score was the only variable with a significant path to survival expectation at all 3 time points (b ¼ À.18, À.19, À.26 at T1, T2, and T3, respectively), again in the expected direction, with lower comorbidities associated with estimates of more probable survival. In turn, expectation for survival was the only consistent element that influenced the evaluation of treatment effectiveness across time (b ¼ .42, .37, and .60 at T1, T2, and T3, respectively). The greater the predicted likelihood of survival, the more positive the evaluation of effectiveness. In terms of what was most important to the physician in making medical decisions, only expectations for future functional status and the patient's Charlson score were consistent influences.
Family Variables
The third and final step was to add the family process variables and examine the extent to which these influenced the earlier models. Figures 3 and 4 show the final models for T1 and T2, only paths that were statistically significant remained in the models. Both models met all criteria for good fit. At T3, the data did not produce a good fitting model (w 2 expectation remained the strongest predictor (b ¼ .36) of the primary outcome, focus of care. Physician expectations for cognitive recovery were also influential but less so.
The only family variable to remain anywhere in the model at T2 was the family's expectation for survival, which influenced what was important to the family (b ¼ .25), but not the focus of care. At no time did family variables show a significant relation to MD expectations, what was important to the MD, nor the MDs evaluation of treatment effectiveness.
Discussion
The fundamental assumptions behind this study design were that specific decisions about the aggressiveness or focus of care are determined by an evolving complex interplay of many factors. These include the initial (antecedent) characteristics and values of all physicians caring for the patient, the preferences and values of the family surrogate, and the characteristics of the patient (comorbidities, age). In particular, previous research has suggested patterns of treatment limitation may be related to demographic characteristics of physicians. [23] [24] [25] These antecedent factors were expected to interact and influence expectations for the patient outcomes, evaluation of treatment effectiveness, and identification of what was most important in the care of the patient. Combined, these antecedent and process factors were hypothesized to explain variation in decisions about aggressiveness of the treatment plan. Physicians were asked to rank order the importance (5 ¼ most important, 1 ¼ least important) of 5 factors if he/she was the decision-maker for his/her relative. Vignette 1 described an 82-year-old grandmother, class II heart failure, intubated in ICU for 10 days with pneumonia. Vignette 2 described 58-year-old brother of the respondent, craniotomy following ruptured intracerebral aneurysm, intubated for 10 days, with dense hemiparesis.
Not surprisingly, of all factors, expectation for survival was the most important predictor of the focus of care. The central mission of critical care is to preserve lives, and the expectations for probability of survival are understandably tied to treatment plans that use all available means to meet this goal. 26 However, there are a number of questions raised by the lack of influence of other variables.
First, it is concerning that neither the outcome that was most important to physicians nor the outcome identified by the family members as most important were significantly related to focus of care. Possibly, the power of the normative expectation that critical care units must promote survival is so strong that it simply is overwhelmed by any other factors that could direct treatment decision-making. In addition, there may be strong barriers to the decision process itself that interfere with the recognition and evaluation of alternative goals of care. 4 The very fast paced environment and constantly changing nurse and physician providers, pressures to ensure the ICU is operating efficiently, and the emotional stresses on family members all could interfere with both conscious appraisals of one's values, as well as opportunities to discuss and reevaluate goals of care. Nonetheless, the situation of directing care that reflects one primary value (survival) while one personally believes another value (comfort, quality of life) is more important, creates the potential for discomfort and possibly significant moral distress.
The relatively weak influence of family values that we found is similar to the report of Turnbull et al in their Webbased randomized trial of the effect of varying prognoses and value statements on intention to discuss withdrawal of lifesustaining treatments (LSTs). 27 There was no difference in willingness to discuss withdrawal between the group informed that the patient would not want to continue LST if there was low probability of return to independence and the group that was told the patient would want LST even if it meant eventual dependency in a nursing home. In our realworld study, we do not know how well informed the physicians were regarding what was important to families, but the similarity of our results to those of Turnbull et al suggests barriers to formally incorporating these values in treatment planning.
In the normal course of critical care, an assessment that a treatment plan is not effective should not immediately trigger changing goals-more likely, it would stimulate exploring other approaches or additional diagnostic testing. In addition, the metric for ''effectiveness'' likely was quite varied among participants and may have ranged from straightforward physiologic effectiveness to probability of a good quality of life. However, our results do indicate that even the perception well into the ICU stay (ie, day 10) that the plan is not very effective fails to alter the priority of the goal of survival.
Since the landmark SUPPORT study, trials of proactive ethics consultation, systematic inclusion and documentation of goals of care discussions, and improvements in communication and family meetings have not shown any consistent effect on intensity of interventions, length of stay, or resource use. [8] [9] [10] [11] [12] [13] [14] 28 In contrast to these earlier studies, Curtis et al recently reported positive results from the use of ''ICU communication facilitators,'' demonstrating significantly reduced length of stay and cost of care in a small subsample of patients dying in the ICU. 29 If their results can be replicated in larger samples, this may point to a mechanism for helping to assure that decisions about care are consistent with patient values.
Our study had some important limitations. First, responses to value-laden questions about what was important may reflect response bias and the influence of social desirability. Family members also might have been reluctant to reveal an expectation for poor outcomes for fear of giving up hope. Although we were asking what was important to the individual respondent, we do not know whether responses reflected either the physician's or family member's own personal values or an internalization of what the respondent thought the patient's values were. Although normatively it is the patient's values that should direct decisions, our aim was to measure what the actual decision-makers identified as drivers of decisions, regardless of the source of the value. In addition, we confined our data collection to the intensivists and 1 family member per patient. There was undoubtedly strong influence from other physicians, particularly the patient's surgeon, various consultants, primary care physicians, or other family members. Differences in these additional inputs may have had varying strengths or types of influence on decisions in the different ICUs but could not be readily measured.
The use of the VAS to indicate relative value of comfort and quality of life has not been used before, but it is similar in concept to the rating scales used by others. 30, 31 For example, in the CONNECT study of preferences of patients with cancer, the investigators asked patients to indicate, among 5 choices, whether quality of life was all that mattered in terms of outcomes, whether quality and length of life both mattered but quality was more important, whether they were equally important, both mattered but length of life was more important, or whether length of life was all that mattered. Our use of the VAS essentially presented respondents with the same options but in a different format.
We recognize that the data from later time points represented a somewhat skewed subsample. That is, some patients died between time points and some of these deaths were likely associated with explicit changes in goals and focus of care. These transitions would not have been captured if the patient died before the next time point. Because of this, the patients who were still in the ICU at 10 days and beyond were somewhat more likely to be those for whom there was consensus to maintain a focus on survival. However, the participants who were censored from earlier time points included both patients who died despite the use of all aggressive interventions and patients whose deaths followed decisions to change the focus to care to a comfort-oriented plan so the later samples continued to include family surrogates with a variety of preferences and values.
The medical record was used to abstract some data, including presence of treatment limitation orders. Because data were obtained prospectively and confirmed by talking with the treatment team, the likelihood of error was reduced. Nevertheless, using explicit treatment limitation orders, rather than interviews of physicians, may have underestimated the presence of intentions to place limitations on aggressive interventions if the patient's condition deteriorated.
Finally, because this study was conducted in 1 US hospital, generalizability, particularly to other countries, is limited. In addition, because of attrition at the later time points, the analyses were somewhat underpowered for T3 and T4. Thus, it is possible that with a larger sample, some of the antecedent and process variables might have retained some influence on the outcome, though less than the consistent strength of survival expectations.
Despite these limitations, we believe that this study provides important insights into the dynamic process of decisionmaking in the real world and demonstrates the persistent power of a culture that prioritizes length of life over quality of life. Given the dynamic complexity of the ICU environment, making improvements in the quality of ICU care patients receive at the end of their lives, reducing the potential for moral distress among ICU clinicians, and supporting family members in their decision-making role are likely to require major redesign. Without consistent, formally sanctioned, and imbedded processes to assure that values of patients and families are solicited and incorporated with frequent explicit discussion of likely outcomes, changing the pattern we observed will be difficult.
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